Resumo
Analisaram-se as internações por condições sensíveis à atenção primária de 1999-2009 
Introduction
According to some evidence, effective health promotion practices and early and adequate care might reduce the occurrence of severe cases of disease and consequently decrease the need for hospital admissions and highly complex and costly treatments 1, 2 . Service organization models that prioritize primary health care are supposed to impact the number and characteristics of hospital admissions 3 . Among the proposals for organizing primary health care in Brazil, the Family Health Program (FHP) stands out as one of the pillars of health policy, also considered to be the preferential door of entry to services of the Brazilian Unified National Health System (SUS) 4 . The FHP provides coverage to approximately 54.8% of the Brazilian population as a whole and 72.6% of the northeastern region (as of December 2012). Those proportions are the result of the adherence to the FHP of all states and more than 90% of the municipalities as well as to a relatively quick expansion of the program, which increased the population's access to services.
With this, the recognition of the potential preventability of certain diseases through primary care 5 led some authors, from 2005 onwards, to formulate the Brazilian list of hospitalizations due to primary care sensitive conditions, i.e., a set of health problems for which the need for hospital admission might be avoided with effective, timely and high-quality actions performed at the primary care level 6 . Specifically, this concept was based on a study from the early 1990s 7 , which aimed to understand the barriers to outpatient care according to socioeconomic conditions, using the causes of hospitalization as indicators of access and quality of services at the primary health care level. In 2008, the Brazilian Ministry of Health issued a directive listing those conditions 8 which was also published in a scientific article in 2009 6 . From that time onwards, the rate of hospitalizations due to primary care sensitive conditions has been used to assess the effectiveness of primary health care 9, 10, 11 . In fact, more recent studies have found an association between the rate of hospitalizations due to primary care sensitive conditions and the expansion of FHP coverage 12, 13, 14 . In 2010, FHP coverage reached 68.3% of the population of Pernambuco State, as a consequence of the rapid expansion of that program since its establishment in that state in 1998. Thus, after a decade, a substantial reduction in avoidable hospital admissions might be expected.
In the last two decades, a positive change with regard to health care, living conditions and social determinants has been observed and has happened in parallel with reductions in mortalities among children, including those under the age of five. Despite these advances, some challenges remain, including: regional inequalities in the population distribution of infant deaths, the increase in preterm births and high proportions of deaths and hospital admissions due to preventable causes 15 . Faced with so many challenges, attention to the health problems of children remains a priority, since reducing infant mortality was one of the Brazilian commitments to the Millennium Development Goals. The present article describes the results of a study that assessed the temporal evolution of rates of hospitalizations due to primary care sensitive conditions in children under the age of five in Pernambuco State, Northeast Brazil, taking into consideration changes in FHP coverage and other factors.
Methods
This exploratory study adopted an ecological and longitudinal approach in which a panel data technique was used. Municipalities were the units of analysis, and all 185 Pernambuco municipalities were included. The study included children aged under five residing in that state who were admitted to hospitals providing services to SUS and located in that state, between 1999 to 2009. During that period, the FHP was firmly established as the structuring strategy of the healthcare model. The study comprised young children, given the vulnerability of that group to avoidable causes of hospital admission. In Pernambuco in 1999, there was a total of 774,625 individuals in that age group, corresponding to 10.3% of the state population; this proportion progressively decreased to 8. 7% 16 , but with modifications: FHPs with a consolidated population coverage (namely covering 70% or more of the population and established in the municipality for four or more years); FHPs with intermediate coverage (coverage 70% or more of the population and established in the municipality for less than four years or covering between 30% and 70% of the population irrespective of time since establishment); and FHPs with incipient coverage (less than 30%).
The following variables (obtained by municipality and year) were also included in the analysis: demographic characteristics and living conditions (the proportion of children under five 16 , the illiteracy rate among those aged 15 and over and the proportion of poor individuals (according to the classification of the Institute for Applied Economic Research -IPEA. Ipeadata. http://www.ipea.gov.br/portal/, accessed on 29/Aug/2011), the Child Development Index (CDI) 17 , the Municipal Human Development Index (HDI-M) 18 and the proportion of the population with piped water at home according to the censuses of 1991 and 2000, and the supply and use of health care services (the availability of hospitals and the proportion of live born infants whose mothers attended up to three prenatal visits as recorded by the Information System on Live Births (SINASC. http://tabnet.datasus.gov. br/cgi/deftohtm.exe?sinasc/cnv/nvuf.def, accessed on 23/Mar/2013). The CDI is a synthetic indicator calculated by the United Nations Children's Fund (UNICEF), which helps to formulate and monitor targeted early childhood public policies. It consists of four basic indicators: number of children less than six years old living with poorly educated parents, vaccination coverage in children under one year of age, prenatal coverage of pregnant women and children enrolled in preschool 17 . It is known that the higher the CDI and HDI-M values the better the living conditions of the population. The availability of hospitals was dichotomized (present and absent), while the other variables were categorized according to distribution quartiles.
To compensate for the lack of municipality level data for some years, the following variables had values interpolated: the CDI, the HDI-M, the proportion of poor people, the illiteracy rate and the proportion of population with piped water at home. The relative importance of the effects of the independent variables on the temporal variation in the rate of hospitalizations due to primary care sensitive conditions was analyzed by applying a fixed-effects negative binomial regression. That method was selected because it is appropriate for count data that exhibits over-dispersion 19 , as was the case of the rate of hospitalizations due to primary care sensitive conditions. That technique also allows the regression intercept to be attributed to each unit of analysis to operate as its control 19, 20 . The fixed-effects model was chosen, based on the Hausman test and because it is the most appropriate for assessing panel data. The fixed-effects model was also adopted by other studies that have assessed the impact of the FHP 13, 14, 16 and thus allows our results to be compared. Goodness of fit tests with Akaike Information Criterion and Bayesian Information Criterion estimates were done.
Data from all 185 municipalities for the entire 11 year period were integrated into the regression analysis. This resulted in a total of 2,035 entries. The associations between the hospitalizations due to primary care sensitive conditions rate and the study variables were investigated by calculating the rate ratio (RR) and 95% confidence interval (95%CI) of rates of hospitalizations due to primary care sensitive conditions by exposure categories of municipality entries, considering those rates as cumulative incidence of hospitalization. A bivariate analysis was performed first to investigate the association between the rate of hospitalizations due to primary care sensitive conditions and each independent variable, and the variables that exhibited a p-value significance level equal to or lower than 10% were included in the multivariate analysis. The variables with co-linear behavior were excluded from the final model. The application TabWin 3.2 (DATASUS. http://portal.saude.gov.br/portal/se/datasus/ area.cfm?id_area=732) was used for data tabulation, while Stata/SE 10.0 (Stata Corp., College Station, USA) was applied for the descriptive and multivariate analyses.
Results
Of 861,628 hospital admissions for children under five recorded in Pernambuco from 1999 to 2009, 44.1% (380,060) were due to primary care sensitive conditions. The proportion of hospitalizations due to primary care sensitive conditions relative to the total number of hospital admissions varied annually, ranging from a maximum of 47.8% (in 2003) to a minimum of 37.7% (in 2009). The rate of hospital admissions for all causes decreased by 27.8% in that period (from 1,170.8 to 845.5/10,000 children). The rate of hospitalizations due to primary care sensitive conditions showed a continuous decline starting in 2003, dropping from 557.6 to 318.9 (-42.8%). Although the non-hospitalizations due to primary care sensitive conditions rate decreased from 613.2 to 536.4 (-14.2%), it did not occur in a progressive manner. The reduction of the hospitalizations due to primary care sensitive conditions rate was threefold greater compared to the reduction of the non-hospitalization due to primary care sensitive conditions rate ( Figure 1 (Figure 2) .
A bivariate regression analysis (Table 2) showed that the hospitalizations due to primary care sensitive conditions rate in those municipalities with intermediate FHP coverage was 12% lower than those with incipient FHP coverage, which was considered the reference group for the analysis (RR = 0.88; 95%CI: 0.85-0.91). Conversely, the rate of hospitalizations due to primary care sensitive conditions in the municipalities with consolidated FHP coverage was 30% lower than the rate of the reference group (RR = 0.70; 95%CI: 0.67-0.73). The protective effect of FHP against preventable hospital admissions was confirmed by the final adjusted model. Indeed, the hospitalization due to primary care sensitive conditions rates in the municipalities with intermediate and consolidated FHP coverage were, respectively, 4% and 6% lower than those with incipient coverage. The final multivariate model showed that the municipalities with low HDI-M values exhibited hospitalization due to primary care sensitive conditions rates that were 69% higher than those with high HDI-M values. The illiteracy rate and the proportion of the population under five were positively correlated with the rate of hospitaliza- Hospital admissions for primary care sensitive conditions rate: number of hospital admissions for primary care sensitive conditions among children under five divided by the total population within that age range per 10,000 inhabitants; Non-hospital admissions for primary care sensitive conditions: hospital admissions for other causes; Rates: number of hospital admissions (hospital admissions for primary care sensitive conditions, non-hospital admissions for primary care sensitive conditions and overall) in children under five divided by the total population within that age range per 10,000 inhabitants.
tions due to primary care sensitive conditions. The proportion of the population with access to piped water was negatively associated with the rate of hospitalizations due to primary care sensitive conditions (Table 2) .
Some variables were not retained in the final regression model: the proportion of poor people and the CDI, which predicted a higher rate of hospitalizations due to primary care sensitive conditions in the bivariate analysis but exhibited co-linear behavior with other variables in the adjusted model, and the presence of hospitals in the municipality, which did not attain statistical significance in the multivariate analysis.
Discussion
The reduction in the rate of hospital admissions for children younger under five in Pernambuco from 1999 to 2009 was greater for primary care sensitive conditions than for all other causes of hospitalization. Based on our data, it was estimated that at least 18,000 avoidable hospital admissions were avoided at SUS-affiliated hospitals. Thus reducing hospitalizations due to primary care sensitive conditions is beneficial for children and their families, the population at large and the SUS administration because unnecessary expenses are avoided and the social burden of morbidity is reduced.
Improvements in social conditions and increased FHP coverage may have simultaneously influenced the reduction in hospitalizations due to primary care sensitive conditions. It may be considered also that the changes in the healthcare model, principally the expansion of FHP coverage, might have improved the overall living and health conditions of the target population. Evidence of this can be inferred from the dramatic reduction in the under-five mortality rate (deaths of children under five per 1,000 live births) in Pernambuco that dropped from 49.3 in 2000 to 20.9 in 2009 (http://www2.datasus.gov.br, accessed on 23/Mar/2013). In fact, it was found that even for those municipalities with interme- diate FHP coverage, the protective effect of that program against hospitalization due to primary care sensitive conditions seemed evident. However, if primary care is to be considered a strategic element in changing the healthcare model, in providing universal coverage and is thus to be the entry door of the health service system, then the implementation of consolidated coverage of the FHP is called for, as is the case for the majority of the municipalities in the state. The relationship between the expansion of access to healthcare services and other social and economic public policies is well known. It is worth noting that the decade investigated in the present study was marked by substantial improvements in the living conditions in Pernambuco, as reflected by the increases in the HDI-M (18%) 18 , the CDI (47.6%) 17 and the proportion of the population with piped water at home (8.9%) (http://www2.datasus.gov.br, accessed on 23/Mar/2013), and reductions in the illiteracy rate (-38.9%) and the proportion of poor people (-14.6%) (IPEA. Ipeadata. http://www. ipea.gov.br/portal/, accessed on 29/Aug/2011). Indeed, the reduction in the rate of hospitalizations due to primary care sensitive conditions was correlated with the social and economic determinants of the living and health conditions analyzed in the present study, and this result aligns with the findings reported by other studies 10, 14 . Moreover, some investigations found negative associations between the indicators of living conditions and child mortality attributable to avoidable causes 21 , family income and hospital admissions of children 22 as well as between schooling and child mortality 23 and hospitalizations due to primary health care sensitive conditions 10, 12, 24, 25 .
The observed decline in the hospitalization due to primary care sensitive conditions rate was greater than the ones reported for other age ranges in Pernambuco and in the Brazilian Northeast 14 . This finding lends support to the role of the FHP in the control of diseases among children, a target group for activities at the primary level of the health care system. The FHP prioritizes immunization, the early diagnosis and timely treatment of acute disorders to avoid complications (e.g., in the case of gastroenteritis) and to achieve the control of chronic diseases (e.g., asthma) 1, 5 . This role is consistent with the goals of reorganizing the healthcare model, by promoting changes in the organization of services and health practices and strengthening, expanding and increasing the quality of primary care 26, 27 . Table 2 Crude and adjusted rate ratios (RR) obtained by negative binomial regression for the association of the hospitalizations for FHP coverage was calculated based on estimated number of individuals assisted by FHP teams divided by total population.
FHP coverage categorization was based on work by Aquino et al. 16 . 17 .
Source of data on hospital admissions: Hospital Information System, Brazilian Unified National Health System -SIH-SUS (http://tabnet.datasus.gov.br/cgi/sih/midescr.htm, accessed on 23/Mar/2013).
The variables "proportion of poor people" and "Child Development Index" were not retained in the final regression model, because they exhibited co-linear behavior. The presence of hospitals in the municipality did not attain statistical significance in the multivariate analysis and did not remain in the final model.
Total corresponding to 185 municipalities per study year (n = 2,035).
its continued use contributes to improvements in data and lends support to the validity of the information 28 . The limitations arising from the lack of data for some variables in each year and municipality studied led to the need for imputation by means of interpolation, which might have resulted in less precise estimates 29 . Moreover, the assumption of a linear relationship between any two time-points in the series ignores the possibility of variations occurring within the study period; thus, the predictive value of some variable might have been greater or smaller than the one eventually resulting from the analysis of a full set of original data if it was available. In the present study, imputation was performed for the socioeconomic variables that depict the overall conditions in Pernambuco, which in turn exhibited substantial improvements throughout the decade studied. Therefore, even though variations in the evolution of the indicators of interest might have actually occurred, the overall tendency exhibited by their values might have remained.
FHP coverage expanded significantly in Pernambuco (and across Brazil) thus increasing the access of the population to primary health care. The expansion and consolidation of the FHP in Pernambuco might have contributed to the reduction in the hospitalization due to primary care sensitive conditions rate, as this study showed. The results indicated that FHP is potentially relevant for reducing child morbidity and/or the severity of the health problems that affected young children, as other studies have shown 16, 30, 31, 32 . However, the indicator used (rate of hospitalizations due to primary care sensitive conditions) for the assessment of the conditions, effectiveness and capabilities of primary care in general, and of the FHP in particular, must be assessed in future studies aimed at evaluating the effects of health policies and programs. In particular, there is a need for studies comparing the patterns and trends in hospital admissions in different states and municipalities, including the characteristics of access to services, other indicators of living conditions and the coverage and quality of the services provided at the primary care level of health system. Following the quantitative expansion of the FHP the challenge is to consolidate the quality of its actions and to integrate it with the full network of SUS healthcare services and facilities.
Gastroenteritis and respiratory diseases, which are strongly associated with socioeconomic and environmental circumstances, were the main causes of hospitalizations due to primary care sensitive conditions, and continue to represent a substantial health problem in the pediatric population despite the reduction in the rate of hospital admissions for those causes. It is worth noting that interventions targeting the factors associated with one or two diseases might lead to a significant reduction in hospitalizations due to primary care sensitive conditions: the present study showed that two clinical conditions (gastroenteritis and asthma) accounted for a large proportion of hospitalizations due to primary care sensitive conditions. It is also worth stressing the relevance of prioritizing health actions aimed at reducing child morbidity by avoidable causes with policies and programs that seek to increase the accessibility of services, the efficacy and quality of health care and interventions that address the social determinants of those conditions.
The results presented here should be interpreted with caution. First, there are known limitations in the data provided by SIH/SUS in terms of producing an accurate picture of disease frequency. For example, funding restrictions for the payment of hospital admissions might adversely affect the recording of cases in the database; partial coverage of hospital admissions by SUS, due to the use of private supplementary healthcare services, might result in an underestimation of the hospital admission rate; and multiple hospitalizations of the same individual in the same year are not known, since duplicated admissions were not taken into account. However, it was assumed that multiple hospitalizations are less common among young children mostly due to access barriers to hospital beds. The observation drawn in this study from the bivariate analysis that the absence of a hospital in the municipality was related to a lower value of hospitalizations due to primary care sensitive conditions might not be controversial, if we consider that the lack of a SUS-affiliated hospital in a given place represented an access barrier to health care by itself that, in turn, would result in hospitalization in a neighboring municipality or simply poor and incomplete local health care with or without any serious consequences. Nevertheless, the findings were consistent with other studies based on data provided by SIH/SUS. Certainly, Contributors S. C. Carvalho participated in the project design and literature review, in the production, analysis, interpretation and discussion of the data and in the writing and final approval of the present article. E. Mota participated in the project design, in the production, analysis, interpretation and discussion of the data and in the critical revision of the style and content of the article and its final approval. I. Dourado e R. Aquino participated in the discussion of the project and the critical revision of the article. C. Teles participated in the discussion of the project, analysis and interpretation of the data and the critical revision of the article. M. G. Medina participated in the discussion of the project and the critical revision of the article.
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